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Abstract 
Based on experiments with flat specimens made of injection moulded short glass fibre reinforced polyamide 6.6 with 
50 % fibre content the damage accumulation under variable amplitude loading was investigated with the 
consideration of notches (Kt =1.0, Kt =2.5 and Kt =9.8), mean stresses (R =-1 and R=0) and temperatures (T =RT and 
130°C). Furthermore, fatigue tests with components made of the same material were performed. Concluding, the 
transferability of the determined results obtained with specimens to components was investigated by applying local 
concepts. 
These results provide the basis for the structural durability design for components made of short fibre reinforced 
polymers and serve as input for the calculation methodology. 
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1. Introduction 
Beside cost-saving aspects due the production by e.g. injection moulding the aspect of fuel-efficient and 
the interrelated trend to lightweight design, components made of short fibre reinforced polymers 
substitute materials like metal and that they are more and more used in applications for automotive 
engineering. For providing the structural durability of such components made of these materials reliable 
dimensioning methods are necessary. The preciser the loading capacity can be estimated by numerical 
methods and accompanying experiments the reliable is the dimensioning of components. 
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2. State of the art for dimensioning of components made of short fiber reinforced polymers 
The state of art shows that in the field of polymers still static properties values like tensile strength, yield 
stress, strain at failure and static creeping are mostly used for the description of material properties and 
dimensioning of components [1]. But many applications, e.g. engine mountings, are exposed to cyclic 
variable loading due the transmission of road asperity or motor vibration. Hence the only use of static 
values is not realistic for these applications and accordingly the consideration of occurred cyclic loading is 
necessary.  
In addition investigations of material properties, which are applied to the component dimensioning, are 
often performed with unnotched specimens. But normally structural durability components have notches, 
which changes the material behavior caused by the effected local stress concentration according to the 
loading of component. In any case notches reduce the fatigue life.[2] 
One method for the consideration of the local stresses is the method of the highly stressed material 
volume V80 [3,4]. This volume can be determined by Finite-Element calculation and varies with the 
geometry of the component.  
In the following text investigations of the material characterization of short fiber reinforced polyamide 
with 50 % glass fiber content with flat specimens and the transfer of these specimen results to a 
component related specimen is described. Similar investigations with a different material were already 
performed in [3]. 
 
Nomenclature 
D Damage sum     Ncal Load cycle (calculation) 
Dreal  Real damage sum     r Radius  
Dth Theoretical damage sum    RT Room temperature 
L Local stress maximum    R Stress ratio  
Kt Theoretical notch factor    V80 Highly stressed material volume 
LS Sequence length     ıa, nominal Nominal stress amplitude 
M Mean stress sensitivity    ılocal Local stress 
N Load cycle     ınominal Nominal stress  
Nexp Load cycle (experiment)    ır Related stress  
2. Experimental section 
2.1 Specimen 
For this investigation two kinds of specimens were used, see Figure 1. On the one hand unnotched and 
notched flat specimens made of polyamide 66 with 50 % short fiber reinforcement (PA66-GF50) on the 
other hand component related internal pressure specimens made of the same material were spend.  
Figure 1 shows the geometry of these flat specimens and their respective theoretical notch factors Kt. The 
theoretical notch factors were Kt=1.0 (unnotched), Kt= 2.5 and Kt=9.8. 
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Figure 1:  (a) Geometry of flat specimens and their respective notch factors, (b) component related internal pressure specimens 
 
All specimens were manufactured by injection moulding. The flat specimens were produced in the way 
that the fibres were mainly aligned in the loading direction. The tapers of the unnotched specimens were 
milled after moulding. The notches of the notched specimens were produced during the injection 
moulding process by an insert in the mould. 
2.2 Test facilities 
The fatigue tests were performed with hydraulic test equipment. The set ups of the uniaxial fatigue tests 
are shown in Figure 2. 
 
 
Figure 2:  (a) Test set up of uniaxial fatigue tests at room temperature of flat specimens, (b) test set up for internal pressure tests on 
internal pressure specimen   
2.3 Test procedure 
Fatigue tests under constant amplitudes (Woehler) and under variable amplitudes (Gaßner) were carried 
out with flat specimens and internal pressure specimens in order to determine S/N- curves. The fatigue 
tests were performed with stress ratio R=-1 and accordingly with R=0 at room temperature (RT). The 
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criterion of failure was the rupture of specimen or the survival of N  5·106 cycles. The ambient was air. 
For the fatigue tests under variable amplitudes a load spectrum with Gaussian amplitude distribution was 
used. The sequence length LS was 50,000 cycles. For the internal pressure tests hydraulic oil was utilized 
as pressure medium. Table 1 shows the summary of the determined S/N-curves. 
Table 1: Summary of the determined S/N-curves under constant and variable amplitudes with flat specimens and internal pressure 
specimens made of short glass fibre reinforced polyamide.  
Specimen Woehler-curve Gaßner-curve 
Ambient temperature T RT 130 °C RT 130 °C 
Stress ratio R -1 0 -1 0 -1 0 -1 0 
1.0  
(unnotched) X X X X X X X X 
2.5  
(mild notched) X X X X X X X X 
Flat specimens with  
theoretical notch factor Kt  
(uniaxial loading) 
9.8  
(sharp notched) X X X X - - - - 
Internal pressure specimens Demonstrator - X - X - X - - 
 
3. Results and discussion 
The determined S/N-curves with flat specimens made of short fibre reinforced polyamide (PA66-GF50) 
were analyzed concerning the influences of mean stress, of temperature, of load spectrum and of stress 
concentrations (notches) on the fatigue life.  
The mean stress sensitivity M can be defined by equation 1. 
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Mean stress sensitivities M=0.13 to 0.72 were determined. This means that this material behaves sensitive 
to the loading with available mean stress. The obtained mean stress sensitivity of the notched specimens 
was less than the mean stress sensitivity of the unnotched specimens 
As already described in [2] and [3] notches and also temperature (130 °C) reduces the durable stress of 
the material. Due to the influence of temperature (130 °C) the S/N-curves of the notched specimens are 
flater than the S/N-curves at room temperature. These effects are essential for the Woehler-curves as well 
as for the Gassner-curves. 
 
Woehler- and Gassner-tests differ in their stress-time-history and accordingly in their stress-amplitude-
distribution. In the past different methods for damage accumulation hypothesis were derived [5]. 
According to [6] the damage accumulation by Palmgren-Miner (Miner-rule) is the simplest and most 
famous method to calculate the fatigue life of a component, which is loaded with variable amplitudes, 
J. Hartmann et al. / Procedia Engineering 10 (2011) 2009–2015 2013
based on nominal stresses. The loadings, described by the dimension and occurrence of the load spectrum 
(nominal stress amplitudes), are defined by the nominal stress of Woehler-curve. 
For the calculation of the damage sum D it is assumed that the loadings cause single damages in the 
material, which can be added up. The damage sum D is defined by the quotient of the number of cycles 
ni, which runs through on one load level, to the number of sustained cycles Ni. For the failure of 
component it is assumed that the theoretical damage sum Dth is equal 1, see equation 2. 
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Based on the determined Gassner-curve via experiment the real damage sum Dreal can be calculated by 
equation 3. 
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Figure 3 presents a comparison between the calculated and the experimental fatigue life of unnotched and 
mild notched flat specimens and accordingly the determined real damage sums Dreal. With Dreal =0.1 all 
results are covered. 
 
 
 
 
 
 
 
 
 
 
Figure 3: Comparison of experimental and calculated fatigue lives of flat specimens made of short glass fibre reinforced polyamide 
By means of Finite Element simulation the highly stressed material volumes V80 of the flat specimens 
were calculated, see Table 2. 
Table 2: Results of the highly stresses material volume V80 of unnotched and notched flat specimen 
Highly stressed material volume V80 Theoretical notch factor Kt 
mm3 
1.0 (unnotched) 4807 
2.5 (mild notched) 9 
9.8 (sharp notched) 0.02 
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In Figure 4 the relation between the real damage sum Dreal and the highly stressed material volume V80 
was investigated. The graphic shows that for stress ratio R=0 (mean stress) Dreal is independent on V80. 
For the loading with stress ratio R=-1 (mean stress ım=0) was determined, that V80 has a significant 
influence on the determined Dreal. For the consideration of temperature it is to say that the FE-simulation 
was performed linear. This means that the highly stressed material volumes are independent on the 
Young’s modulus, which normally varies with the temperature. 
 
 
Figure 4: Real damage sum Dreal as a function of the highly stressed material volume V80 of short glass fibre reinforced polyamide 
In Figure 5 the results of FE-calculation of the internal pressure specimens are presented. The analysis 
shows three local stress maxima L (L1>L2>L3) with three highly stressed material volumes. The critical 
hotspot L1 from the FE-calculation is corresponding to the failure location from the experiment.  
 
 
Figure 5: Results of FE-calculation on the internal pressure specimen and the comparison of the failure location due the experiment 
In Figure 6 the local stresses ır (related stress) as a function of the highly stressed material volume V80 
are pictured from the flat specimens as well as from the internal pressure specimens. It shows that the 
results from the internal pressure specimens fit to the results of the flat specimens. Consequently this 
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component could be dimensioned on the bases of results from the experiments with the unnotched and 
notched flat specimens.  
 
Figure 6: Presentation of the local stress as a function of the highly stressed material volume from flat specimens and component 
related internal pressure specimens  
4. Conclusion 
S/N-curves were determined with flat specimen and component related internal pressure specimen. The 
material properties were described concerning mean stress sensitivity, temperature, load spectrum and 
notches based on flat specimens. Due to FE calculation the highly stressed material volume V80 was 
determined with flat specimen and internal pressure specimens. Due to these calculations and the 
determined S/N-curves the results of the flat specimen could be transferred to the component related 
specimen. This transfer result was verified by experiments with the component related specimens.  
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